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The present invention is concerned with cer- 
tain new chemical products, compounds or com- 
positions which bave useful application in vari- 
ous arts. It includes methods or procedures for 
manufacturing said new chemical products, com- 
pounds or compositions, as well as the products, 
compounds, or compositions themselves. 
More specifically, the present invention is con- 
cerned with certain acidic polycarboxy esters, 
particularly dicarboxy esters of oxypropylation 
derivatives obtained from styrene glycol and low 
molal polystyrene glycols, i. e., styrene glycol to 
and including an average of the hexamer. 
In a more detailed aspect the present inven- 
tion is concerned with a monomeric acidic frac- 
tional ester; said acidic fractional ester being ob- 
tained by reaction between (a) one mole of the 
dihydroxylated oxypropylation product obtained 
from a member of the class consisting of styrene 
glycols and polystyrene glycols up to and includ- 
ing the hexamer, and (b) 2 moles of a polycarboxy 
acid; said oxypropylation product prior to es- 
terification being within the molecular weight 
range of 750 fo 3500 and being obtained by oxy- 
propylation in the molal ratio from 10 fo 1 
through the range of 50 fo l on the basis of 
propylene oxide to styrene compound, and sald 
oxYpropylation product prior to esterilïcation 
being water-insoluble; said acidic reactant hav- 
ing hot more than 36 carbon atoms. 
Products as above described briefiy, and here- 
inafter described in detail, are particularly ef- 
.fective in breaking petroleum emulsions of the 
water-in-oil tYPe. Oil field emulsions of this type 
are commonly referred to as "cut off," "rofly off," 
"emulsified off," etc., and which comprise fine 
droplets of naturally-occurring waters or brines 
dispersed in a more or less permanent state 
throughout the off which constitutes the contin- 
uous phase of the emulsion. This specific appli- 
cation or use of my mixtures, reagents, or com- 
pounds, is described and claimed in my co-pend- 
ing application, Serial No. 159,861, filed May 3, 
1950. 
The compounds or cogeneric mixtures herein 
described are not only useful for breaking off field 
emulsions but are also useful for various other 
purposes, such as a break-inducer in the doctor 
treatment of sour hydrocarbons, as an emulsify- 
Ing agent, as a comportent in the preparation of 
micellar solutions, as an additive to nonhydro- 
carbon lubricants, as an intermediate for further 
reaction by virtue of the terminal carboxyl radi- 
cals, etc. 
For purpose of convenience, what Is sad .ere- 
inafter will be divided into tbree .Parts, 
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Part 1 is concerned with a description of sty- 
rene glycol and the low molal polystyrene glycols; 
Part 2 is concerned with the oxypropylation of 
the aîoïementioned styrene glycol; and 
5 Part 3 is concerned with the conversion of the 
oxypïopylated derivatives into fractional acid es- 
ters by reaction with polycarboxy acids and par- 
ticularly dicarboxy acids. 
PAleT 1 
10 
Styrene glycol can be obtined in various man- 
nets as described in the literature. One proce- 
dure is to react styrene oxide with water, Poly- 
styrene glycols can be obtained by various meth« 
15 ods. For instance, the conventional method 
volving etherization between two or molecules of 
styrene glycol, can be used. Another procedure 
most frequently employed is simply to treat sty- 
rene glycol with one to rive moles of styrene 
20 oxide. 
Styrene oxide, sometimes referred to as phenyl 
ethylene oxide, or styrene epoxide, reacts in thè 
saine manner as other alpha-beta alkylene oxide 
reactants. This is illustrated by comparison be- 
25 tween the reactivity of styrene oxide in compati- 
son with other oxides toward phenols. See U. S. 
Patent No. 2,422,637, dated June 17, 1947, fo 
Thomas. 
leactions involving alpha-beta a]kylene oxide 
30 become more complicated when one is concerned 
with a substituted alkylene oxide as, for exam- 
ple, styrene, propylene oxide, or the like., ihe 
mechanism of this reaction, i. e., reaction in- 
volving the opening of the epoxy ring, bas been 
35 subjected to considerable examination and ex- 
ploration but is still somewhat obscure. See J. A. 
C. S., vol. 72, No. 3, pp. 1251-53, Match 1950; 
J. Soc. Chem. Ind. (London), vol. 68, pp. 179-83, 
June 1949; and J. A. C. S., vol. 68, p. 680 (1946) ; 
40 and Chemical and Engineering News; vol. 27, No. 
16, page 1136. This refers to a paper presented 
by Guss on styrene oxide reactions at the April 
1949, meeting of the American Chemical Society. 
It may have appeared in the literature subse- 
45 quent!y. 
In light of what will be said subsequently It 
becomes obvious that one actually does hot ob- 
tain a single compound but does obtain a 
generic mixture at the various stages of manu- 
50 facture. This is particularly true in the oxypro- 
pylation stage but also applies to the oxy- 
(phenyl) ethylation. This tan be illustrated by 
consideïation of distyrene glycol. The method 
of obtaining this product bas been noted pre- 
5 viously. It tan be obtained by the etherization 
of two moles of styrene glycol or the treatment 
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of one mole of styrene glycol with one mole of 
styrene oxide. For sake of simplicity the reac- 
tion involving 2 moles of styrene glycol is shown 
thus: 
H H tt tt 
HO--C.--C-- O--C--C--OH 
O--C--C-- O--C--C--O 
e sgrene glyeol, like 9rogylene glyeol, in- 
eludes one 9rimarg aleohole grou9 and one 
ondary aleohoHe groug. hus aç çhis rs sage 
ol 9olymeriaion hree dglyeols, are 9ossibly 
as fllusraed aboie. I beeomes obous 
more eomleaged sgruegures and more somers 
Oxy(ghengl)ehglaion s emgloyed under 
ame eonons as oher eonenional algha-bea 
oxdes, L e., in 9resenee o aeid eaalysgs, in 9res- 
enee ol be catalyses, and in absence oï 
eaalyss. he aeld eaalgss emgloyed mag be 
fllusraed by mineral aeids inelung sulïurie 
aeid, organe aeid sueh as sullone aeiàs, 
hum ehlorde, ine ehloride, sgane or sgannous 
ehloride, ïerrie ehloride, ee. Some elays Bae  
been used whieh hae aeid eharaeerisçies. 
alkaline eaalgss inelude eausgie soda, 
9oh, sodium meBglae, ee. The 9areular 
direegion aken by he reaeon, whegher 9rogyl- 
ene oxide or syrene oxyde, s eongrolleà or 
ermined in 9ar, ag Ieasg, by ghe eaalgs 
loged. 11 his bas been exaned anà 
in he Igeraure referenees aboie. or mg 
eular 9urgose  s Immaeral wheçher çBe 
tuerie, rmerie, eramerie, 9enamere, or hexa- 
meNe olysgrene glyeoI is obained by any 9ar- 
ieular eaalys or in absence ol a eaalgs. 
ïae, monomeNe sgyrene glgeol as dfferenaged 
Irom he low sage 9olymers s a ery saislaeory 
initial reaeank Syrene glyeol is a ery wager- 
soluble bu subsçançiallg insoluble in beene. 
9olerlaçon inereases solubfly in waçer 
ereases and solubiHçy in hgdroearbon solengs in- 
ereases. Sgrene glyeol is a sold whereas 
hlger 9elymers beeome llquid. 60 
I hae lied çhe 9olysçyrene glyeols herein 
emgloyed as initial reaeangs go he hexamerie 
sçage. Needless ço say, çhe eo-generie mixture 
obçained by reaçg one mo!e oï syrene glyeol 
çh  moles o syrene oxide wfll no nessary 
be limite6 o he hexer bu wfll eonain some 
lower olers and some higher 9olymers buç on 
çhe aerage wfll regresen çhe Bexamer. 
9o  diseussed subsequenly in eonneeion 
Be use ol 9rogylene oxide where ghe saine su- 70 
aIn  oled. 
kale eaalys need no be remoed 9rior o oxy- 
9rogylalon ïor he reon haç an alkNine 

4 
alyst is particularly satisfactory for this subse- 
quent reaction. 
If a.n acid catalyst is ernployed in preparing the 
polystyrene glycol then one has a choice of a 
number of procedures. One procedure is to leave 
the acid present and use the acid as a catalyst in 
oxypropylation but this is generally unsatisfac- 
tory for the reason that where there is repetitious 
oxypropylation an acid catalyst seems to lose its 
effect or, in any event, be less satisfactory than 
an alkaline catalyst. The use of an acid catalyst 
maY result in Combination with an alkalene oxide 
to yield products of unpredictable stability. How- 
ever, if the amount of oxypropylation, as subse- 
quently described, is of a limited nature the acid 
catalyst may serve but may not represent the 
most desirab!e procedure. 
The acid-catalyzcd reaction product may be 
freed from acid and an alkali added, or alkati 
can be added and the material refluxed after di- 
lution with xy!ene, foilowed by flltering to remove 
any sodium chloride, sodium, phosphate, or so- 
dium sulfate. Soditm salts of sulfonic acids are 
not eas readfly removable. The formation of poly- 
styrene glycols in absence of a catalyst is a slow 
reaction but, needless to sy, such initial mate- 
rial or primary reactant free ïrom any catalyst 
is a perfect]y satisfactory raw material. 
PART 2 
The monomeric materiaI can be purchased from 
the Dow Chemical Company, Midland, l%oEichigan. 
I bave also prepared derivatives of the kind de- 
scribed in Part 1, preceding, on a laboratory scale 
varying from a few hundred grains or less to 
somewhat larger amounts. The saine applies to 
the preparation of the oxypropylated compounds 
with which this second part is concerned. 
For a number of well known reasons equipment, 
whether laboratory size, semi-pilot plant size, 
pilot plant size, or large scale size, is not as a rule 
designed for a particular alkylene oxide. In- 
variably and inevitably, however, and particu- 
larly in the case of laboratory equipment, the 
design is such as to use any of the customarily 
avaiIable alkylene oxides, i. e., ethy!ene oxide, 
propylene oxide, butylene oxide, glycide, epichlo- 
rohydrin, styrene oxide, etc. Such equipment has 
been employed in the preparation of the polysty- 
rene glycols referred to elsewhere in the text. In 
the description of the equipment it becomes obvi- 
ous that if is adapted for oxyethylation as well as 
oxypropylation. 
Oxypropylations are conducted under a wide 
variety of conditions, hot only in regard to pres- 
ence or absence of catalyst, kind of catalyst 
viously described, but also in regard to the rime 
of reaction, temperature of reaction, speed of re- 
action, pressure during reaction, etc. For in- 
stance, oxyalkylations can be conducted at tem- 
peratures up to approximately 200 ° C. with pres- 
sures in about the saine range up to. about 200 
pounds per square inch. They can be conducted 
also at retapera.turcs approximating the boiling 
point of water or slightly above, as for example 
115 ° to 120 ° C. Under such circumstances the 
pressure will be less than 30 pound.s per square 
inch unless some special proceduïe is employed 
as is sometimes the case, to wit, keeping an 
mosphere of inert gas such as nitrogen in the 
vessel during the reaction. Such low tempera- 
ture-low reaction rate oxypropylations have been 
described very completely in U. S. Patent 
2,448,664 to PI. 1. File et al., dated September 
7, 1948. See also British Patent No. 601,604, 



Fifeet al., dated May 10, 1948. Low tempera- 
ture-low pressure oxypropylations are particu- 
larly desirable where the compound being sub- 
jected to oxypropylation contains one or two 
points of reaction only, such as one or tw0 hy- 
droxyl radicals. 
Since low pressure-low temperature reaction 
speed oxypropylations requh'e considerable rime, 
for instance, 1 to 7 days of 24 hours each to com- 
plete the reaction they are conducted as a rule, 
vhether on a laboratory scale, pilot plant scale, 
or large scale, So as to operate automatically. 
The prior figure of seven days applies especially 
to large scale oPerations. I have used conven- 
tional equipment with two added automatic fea- 
tures; () a solenoid contrelled valvehich shuts 
off. the propylene oxide in event that the tem- 
perature gets outside a predetemined and set 
range, for instance, 110 ° to 120 ° C., and (5) an- 
other solenoid valve which shuts off the propylene 
oxide (or for that matter ethylene oxide if it is 
being used) if the pressure gets beyond .a prede- 
termined range, such as 25 to 35 pounds. Other- 
wise, the equipment is substantially the same as 
is commonly employed for this purpose where the 
pressure of reaction is higher, temperature of re- 
action is hiher, speed of reaction is higher, and 
rime of reaction is much shorter. In such in- 
stances such automatic controls are not neces- 
sarily used. 
Thus, in preparing the various exarnples I have 
found it particularly advantageous to use labora- 
tory equipment which is designed fo permit con- 
tinuous oxyalkylation whether it be oxypropyla- 
tion or oxyethylation. With certain changes as 
wfll be pointed out hereinafter the equipment can 
be nsed also fo pemit oxyalkylation involving the 
use of glycide or styrene oxide where no pressure 
is involved except the vapor pressure of a solvent, 
if any, which may have been nsed as a diluent. 
As previously pointed out the method of using 
propylene oxide is the saine as ethylene oxide. 
This point is emphasized only for the reason that 
the apparatus is so designed and constructed 
to use either oxide. 
The oxypropylation procedure employed in the 
preparation of the oxyalkylated derivatives has 
been uniformly the saine, particularly in light of 
the fact that a continuous automatically-con- 
trolled procedure was employed. In this pro- 
cedure the autoclave was a conventional auto- 
clave made of stainless steel and having a capacity 
of approximately one gallon and a working pres- 
sure of one thousand pounds gauge pressure. 
This pressure obviously is fr beyond any re- 
quirement as far propylene oxide goes unless there 
is a reaction of explosive violence involved due to 
accident. The autoclave was equipped with the 
conventional devices and openings, such as the 
variable-speed stirrer operating at speeds from 
50 1. P. M. to 500 1. P. M.; thermometer well 
and themocouple for mechanical thermometer; 
emptying ourlet; pressure gauge, manual vent 
line; charge hole for initial reactants; at least 
one connection for introducing the alkylene oxide, 
such as propylene or ethylene oxide, to the bottom 
of the autoclave; along with suitable devices for 
both cooling and heating the autoclave, such as 
a cooling jacket and, preferably, cofls in addition 
thereto, with the jacket so arranged that it is 
suitable for heating with steam or cooling with 
water and further equipped with electrical heat- 
ing devices. Such autoclaves are, of course, in 
essence small-scale replicas of the usual conven- 
tlonal autoclave nsed in oxyalkylation procedures. 
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In some instances a larger autoclave was used, 
i. e., one having a capacity ranging in the neigh- 
borhood of 13 gallons. 
Continuous operation, or substantially continu- 
5 ous operation, was achieved by the use of a sepa- 
rate container fo hold the alkylene oxide being 
employed, particularly propylene oxide. The con- 
tainer consists essentially of a laboratory bomb 
having a capacity of about one-half gallon, or 
10 somewhat in excess thereof. In some instances a 
larger bomb was used, fo wit, one having a capac- 
ity of about one gallon, also, with an inlet for 
charging, and an eductor tube going fo the bottom 
of the container so as fo permit discharging of 
15 alkylene oxide in the liquid phase fo the aúto- 
clave. Other conventional equipment consists, of 
course, of the rupture dlsc, pressure gauge sight 
feed glass, themometer connection for nitrogen 
for pressuring bomb, etc. The bomb was placed 
20 on a scale during use. The connections between 
the bomb and the autoclave were flexible stain- 
less hose or tubing so that continuous weighings 
could be made without breaking or making any 
connections. This also applied to the nitrogen 
25 line, which was used to pressure the bomb reser- 
voir. To the extent that it was required, any 
other usual conventional procedure or addition 
which provided greater safety Was used, of course, 
such as safety glass, protective screens, etc. 
30 Attention is directed again to what has been 
said previously in regard to automatic controls 
which shut off the propylene oxide in event tem- 
perature of reaction passes out of the predeter- 
mined range or if pressure in the autoclave passes 
 out of predetermined range. 
With this particular arrangement practically 
all oxypropylations became unifom in that the 
reaction temperature was held within a few de- 
grees of any selected point, for instance, if 115 ° C. 
4o was selected as the operating temperature the 
maximum point would be at the most 120 ° C. or 
122 ° C., and the lower point would be 110 ° or pos- 
sibly 108 ° C. Similarly, the pressure was held at 
approximately 30 pounds within a 5-pound varia- 
45 tion one way or the other. The speed of reaction 
was slow under such conditions. Numerous re- 
actions were conducted in which the rime varied 
from one day (.4 hours) up fo three days (72 
hours). In some instances the reaction may take 
50 place in considerably less tirne, i. e., 24 hours or 
less. The minimum rime recorded was a 24-hour 
period. Reactions indicated as being complete in 
.4 hours may have been complete in a lesser 
period of rime in light of the automatic equip- 
55 ment employed. In the addition of propylene 
oxide, in the autoclave equipment as far as pos- 
sible the valves were set so all the propylene oxide 
if fed continuonsly would be added at a rate so 
that the predetermined amount would react with- 
60 in the first 15 hours of the 24-hour period. This 
meant that if the reaction was interrupted auto- 
matically for a period of rime for pressure to 
drop or temperature to drop the predetermined 
amount of oxide would stfll be added in most in- 
65 stances in a 24-hour period. Sometimes where 
the addition was a comparatively small amount 
over a .4-hour period there would be an unques- 
tionable speeding up of the reaction. 
When operating at a comparatively high rem- 
70 perature, for instance, between 150 ° to 200 ° C., 
an unreacted alkylene oxide, such as propylene 
oxide, makes its presence felt in the increase in 
pressure or the consistency of a high pressure. 
However, at a low enough temperature it may 
75 happen that the propylene oxide goes in as a 
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liquid. If so, and if it remains unreacted there. 
is, of course, an inherent danger and appropriate 
steps must be taken to safeguard against this 
possibility; if need be a sample must be with- 
drawn and examined for unreacted propylene 
oxide. 
The higher the molecular weight of the com- 
pound, i. e., towards the latter stages of 
action, the longer the tflne required to add a 
given amount of oxide. One possible explana- 
tion is that the molecule, being larger, the op- 
portunity for random reaction is decreased. In- 
versely, the lower the molecular weight the faster 
the reaction takes place. For this reason, some- 
rimes at least, increasing the concentration of 
the catalyst does not appreciably speed up the 
reaction, particularlF when the product sub- 
jected to oxyallylation has a comparatively high 
molecular weight. However, as bas been pointed 
out, previously operating af a low pressure and 
a low temperature even in large scale operations 
as much as a week or ten days time may lapse 
to obtain some of the higher molecular weight 
derivatives from monohydric or dihydric mate- 
rials. 
In a number of operations the counter-balance 
scale holding the propylene oxide bomb was so 
set that when the predetermined amount of 
propylene oxide had passed into the reaction the 
scale movement through a time operating device 
was set for 'either one to two hours so that 
action continued for 1 to 3 hours after the final 
addition of the last propylene oxide and there- 
after the operation was shut down. This par- 
ticular device is particularly suitable for use on 
larger equipment than laboratory size autoclaves, 
to wit, on semi-pilot plant or pilot plant size, as 
well as on large scale size. Incidentally, the 
ratios in the table are amounts as taken from 
the scale and the actual amounts of propylene 
oxide may bave varied slightly one way or the 
other insofar that the scale readings at approxi- 
mately 1,000 grains may bave been off 5 to 10 
grains, and at ,000 grains may bave been off _5 
to 25 grains, in this sort of operation, of course, 
the temperature range was controlled automati- 
cally by either use of cooling water, steam, or 
e]ectrical heat, so as to raise or lower the tem- 
perature. The pressuring of the propylene oxide 
into the reaction vessel was also automatic inso- 
îar that the ïeed stream was set for a s]ow con- 
tinuous run which was shut off in case the pres- 
sure passed a predetermined point as previous]y 
set out. Ail the points of design, construction, 
etc., were conventional including the gases, check 
valves and entire equipment. As far as ! 
aware at least two fifres, and possibly. three, 
specialize in autoclave equipment such as I have 
employed in the laboratory, and are prepared 
to furnish equipment of this saine kind This 
point is simply rnade as a precaution in the di- 
rection of safety. Oxyalkylations particular]y 
involving ethylene oxide, glycide, pïopylene oxide, 
etc., should not be conducted except in equipment 
specifical]y designed for the purpose. 
A word can be included in regard fo the use o 
either glycid or styrene oxide. As previously 
pointed out products subjected to oxypropylation 
are obtained by the treatment of styrene glycol 
with styrene oxide. In this instance pressure 
was hot involved and no effort was ruade to use 
an automatically controlled long-time reaction 
period (slow reaction rate.). Indeed, in the use 
of styrene oxide the entire equipment was used 
almost as if it were an ordinary piece oï non- 

pressure laboratory equipment, since such reac- 
tions can be so conducted. Due to the high bofl- 
ing point of styrene oxide one can readily employ 
a typical separable glass resin pot as described in 
5 U. S. Patent No. 2,499,365, dated Match ï, 1950, 
to De Groote et al., and offered £or sale by nu- 
merous laboratory supp]y houses. This equip- 
ment is also described here ïor the reason that 
it is used in subsequent operations ïor adding the 
10 catalyst to the styrene glycol or polystyrene gly- 
col, and also because it exemplifies the eqtip- 
ment used on a laboratory scale to prepare the 
esters described in Part 3. If such arrangement 
is used to prepare laboratory-scale duplications, 
15 then care slould be taken that the heating man- 
tle can be removed rapidly, so as to allow for 
cooling; or better still, through an added open- 
ing at the top oï the glass resin pot or comparable 
vessel should be passed a stainless steel cooling 
20 coil so that the pot can be cooled more rapidly 
than by mere removal oï mantle. Iï a stainless 
steel cofl is introduced it means that the conven- 
tional stirrer o£ the paddle type is changed to one 
oï the centriïugal type, which causes the fluid 
25 or reactants to mix due to swirling action in the 
center oï the pot. Still better is the use of a 
metal laboratory autoclave of the kind previously 
described bove; but in any event, when the 
initial amount of styrene oxide is added fo a suit- 
30 able reactant, the speed o£ reaction should be 
controlled by the usual ïactors, such'as (a) the 
addition oï styrene oxide; (b) the elimination of 
external heat; and (c) use oï cooling so there is 
no undue fise in temperature. Ail the foregoing 
35 is merely conventional but is included due to the 
hazard in handling styrene oxide. 
The amount o£ catalyst used in oxypropylation 
may vary ïrom as little as /2% up fo 5%. The 
amount may vary during the oxypropylation 
40 riod as exemplifled by the addition of the catalyst 
at the very beginning oï the reaction only and 
with no ïurther addition. Needless to say, there 
is a comparatively high concentration of catalyst 
at the beginning oï the reaction and a compara- 
45 tively low concentration at the end; in fact, hot 
infrequently the amount oï catalyst at the end 
wfll be /2 o£ 1% sodium methylate, or caustic 
soda, or less. Catalyst can be added intermittent- 
ly during the reaction per.iod provided that suit- 
50 able equipmeit is available. It is rather dicult 
to employ such equipment on a laboratory scale 
but it can be employed, of course, on a pilot plant 
scale or larger scale. 
Needless fo say, the residual catalyst need 
55 be aslow as /2%. Itmaybe asmuch as i% or 
2 %, which means that the catalyst s.dded initially 
may be several times as much as indicated in the 
table, for example, in the subsequent table in 
Example 2 the amount of monomer employed 
60 was a little over 200 grains. The amount of cata- 
lyst added was 12 grains or 6%. ActuaHy, the 
amount of catalyst added uould be twice or two- 
and-a-hall rimes this amount. The result would 
be, everything else equal, that the final product 
C5 would simply have more residual catalyst. 
The products subjected to oxypïopylation weïe 
styrene glyco!, dimeric styrm]e glyco!, trime-io 
styrene glycol, and tetrameric styrene glycol, the 
pentamer or hexamer. These materials were 
ï0 prepared in the manner previously described 
were either neutral or alkaline, due to the pres- 
ence of a residual catalyst. Vhen rference is 
ruade to the addition of sodium methylate this 
reference to the total amount present, i. e., that 
7 which is present as a residual catalyst, if any, 
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is that plus what was added in the oxypropyla- 
tion step. Caustic soda, of course, could be used 
to replace sodium methylate. The latter was 
used purely as a marrer of greater convenience 
because it is available as a finely divided powder. 5 
It is advisable to again point out that there 
is no question as to the structure of styrene gly- 
col but the higher polymers may represent a 
mixture of cogeneric products or isomers. Three 
structures bave been Suggested for di-styrene 10 
glycol. Neediess te say, more possibilities exist 
for the trimer, tetramer, or pentamer. The fol- 
lowing formulas are believed te characterize the 
bulk of the products employed but it is obvious 
that one may bave other isomers or a mixture of 15 
isomers, but in any event, a dihydroxylated cern- 
 pound. 
H H 
H0--C--C--0H 
 H 20 
H H H H 
H0--C--C--0--C--C--0H 25 
H H r H "l o H 30 
H0--C--C--0-- --C--C--| 0--C--C--0H 
.  35 
" where  s I, 9,, 3 or 4. 
In the following examples sodium methylate 
waS used as a catalyst. Zn many instances here 
is a question as fo what extent alcoholysis takes 4o 
place and sodium methylate is added to the hy- 
droxylated reactant. In these particular exam- 
ples the styrene glycol or polystyrene glycol was 
mixed with an amount of sodium methylate as 
indicated and also with 500 grains of xylene. 45 
The mixture was placed in the resin type flask or 
equivalent as previously described and heated at 
the reflux point for two hours and the_n ap- 
proMmately 100 cc. of xylene was allowed to dis- 
.. till over and was caught in the trap. This xylene /.) 
was discarded and replaced by an equal amount 
of xylene. If alcoholysis bas taken place methyl 

alcohol would be present in the initial xylene dis- 
tillate and presumably was removed. 
Oxypropylation was conducted then in the 
usual manner, first sweeping out the equipment 
with nitrogen, setting the.automatic controls and 
adding the propylene oxide in such manner that 
it was injected into the reaction vessel in 10 to 
15 hours, provided there was no interruption due 
to excess temperature, pressure, etc. A specific 
example is included by way of illustration. 
Example la 
414 grains of monomeric styrene glycol were 
mixed with 12 grains of sodium methylate and 
500 grains of xylene. The mixture was refiuxed 
in the manner previously described and then 
placed in the autoclave and the pot completely 
fiushed out with nitrogen. The autoclave was 
sealed, the automatic devices adjusted, and set 
for injecting a total of 1914 grains of propylene 
oxtde in a 12-heur period (approximately 150 
grains per heur),  
In seine experiments the predetermined rate 
was as low as 100 grains per heur and as much 
as 300 grains per heur. The autoclaves used 
were identical except as te size, one being slight- 
ly less than one gallon in capacity and the other 
approximately 1% gallons. 
During this particular experiment the tem- 
perature range varied frein 115 ° te 125 ° C. The 
pressure varied frein 30: te 40 pounds per square 
inch. This temperature and pressure range, in- 
cidentally, was used in all this series. The rime 
required was 24 hours. This means that the 
experiment was started one day and was com- 
plete the next day. Actually, all addition of the 
oxide was probably complete in about 10 te 12 
hours but for convenience anything less than 24 
hours is still recorded as 24 hours. 
The final product was a somewhat viscous am- 
ber-colored fluid which was water-insoluble. It 
was characteristic of all the various end products 
obtained in this series. It was, of course, slightly 
alkaline due te the residual sodium methylate 
reaction product. A complete series is illus- 
trated, with all pertinent data, in the following 
table. The molecular weight of the final product 
is based on the assumption that if reaction is 
complete, and all evidence seems te point te this 
fact, and, of course, in light of what is said sub- 
sequently must represent a statistical average 
rather than a single glycol. 

Ex. Styrene 
No. Glycol 
la ....... :¢Ionomer. _ _ 
2a ............ de ...... 
3a ............ de ...... 
4a ............ de ...... 
Sa ....... Dimer ...... 
6a ............ de ...... 
7a ............ de ...... 
Sa ............ de ...... 
9a ....... Trimer_. .... 
10a ........... de ..... 
lla ......... de ...... 
12a ........... de ...... 
13a ...... Tetramer ___ 
14a ........... de ...... 
15a ........... de ...... 
16a ........... de ...... 
17a ...... Pentamer .__ 
18a ........... de ...... 
19a ........... de ...... 
20a ........... de ...... 
21a ...... l:Texamer___ _ 
22a ........... de ...... 
23a ........... de ...... 
24a ........... de ...... 

Prob- 
able 
Molecu- 
lar 
(Wt.) 

138 
138 
138 
138 
258 
258 
258 
258 
378 
378 
378 
378 
498 
498 
498 
498 
618 
618 
618 
618 
738 
738 
738 
738 

Amt. 
(grs.) 

Xylene 
Added 
if any 
(grs.) 

Sod. 
Meth- 
ylate 
(grs.) 

Propy- 
lene 
Oxide 
a4ded 
(grs.) 

I, 914 
2, 205 
1,914 
2,430 
1, 944 
1,914 
2, 205 
I, 944 
I, 914 
2, 205 
I, 914 
1,944 
1,914 
2, 205 
1 914 
1,944 
I, 914 
2, 205 
I, 914 
I, 944 
I, 914 
2, 205 
I, 914 
1, 944 

Molal 
Ratio 

11:1 
25:1 
33:1 
42:1 
I1:I 
25:1 
33:1 
42:1 
II:I 
25:1 
33:1 
42:1 
II:1 
25:1 
33:1 
42:1 
11:1 
25:1 
33:1 
42:1 
11:I 
25:1 
33:1 
42:1 

Max. Max. 
Time and and 
(hrs.) Min. Min. 
Temp. Pres. 
°C. p.s.i. 
24 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
48 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
48 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
48 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
48 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40. 
24 115-125 30-40 
48 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 
48 115-125 30-40 
24 115-125 30-40 
24 115-125 30-40 

Mole 
Wt. 
Final 
Prod. 

1,6( 
2, O 
2, 5{ 
1 71 
2,11 
2, oe 
1,0] 
I, 9 
2,8( 
1,1 
2,0 
2, 41 
2, 9 
I, 2 
2,1 
2, 55 
3, 04 
1, 37 
2, 3( 
2, 6 
3, le 
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Previous reference has been made to the ïact 
that the end products are in essence cogeneric 
mixtures which represent the ratios indicated 
on an average or a statistical basis. This applies 
both in the higher stages oï oxy(phenyD ethyla- 5 
tion and in substantially all the stages of oxy- 
propylation. Ieference is made to the previous 
examples wherein itis obvious that the divalent 
radical --(C3H60)-- appears. One exarnple is 
H H 10 
ItO--C--C--O (CItO).It 
For purpose of illustration no effort was made 
fo consider whether or not oxypropylation of 
the secondary alcohol radical takes place at the 
sarne rime. Actually when such products are 
obtained in the manner herein described one 20 
does not obtain a single derivative in which z 
bas one and only'one value, for instance, 14 or 
15 or 16, or the like. Thus, one obtains a co- 
generic mixture of closely related or touching 
homologues. These rnaterials invariably have 25 
high rnolecular weights and cannot be separated 
ïrom one another by any known procedure with- 
out decomposition. The properties of such mix- 
ture represent the contribution of the various 
individual rnembers of the mixture. On a statisti- 30 
cal basis, of course, z can be appropriately speci- 
fied. For practical purposes, one need oniy con- 
sider the oxypropylation of a monohydri.c alcohol 
because in essence thisis substantially the mecha- 
nism involved. Even in such instances where one 35 
is concerned with a monohydric reactant one can- 
not draw a single formula and say that by 
following such pl"ocedure one can readfly obtain 
80% or 90% or 100% of such cornpound. How- 
ever, in the case of ai least rnonohydric initial 40 
reactants one can readfly draw the formLùaes 
of a large number of compounds which appear 
in sorne of the probable mixtures or can be pre- 
pared as components and mixtures which are 
manufactured conventionally. 45 
Simply by way of illustration reference is ruade 
to the co-pending application of De Groote, 
Wirtel, and Pettingfll, Serial No. 109,791, filed 
August 11, 1949, now Patent No. 2,549,434. 
However, mornentarfly referring again to a 50 
monohydric initial reactant itis obvions that if 
one selects any such simple hydroxylated com- 
pound and subjects such compound to oxyalkyla- 
tion, such as oxyethylation, or oxypropylation, 
it becomes obvious that one is really producing 55 
a polyrner of the alkylene oxide except for the 
terminal group. This is particu]arly true where 
the arnount of oxide added is cornparatively 
large, for instance, 10, 20, 30, 40, or 50 units, if 
such a cornpound is subjected to oxyethylation 60 
so as to introduce S0 units of ethylene oxide, it 
is well known that one does not obtain a single 
constituent which, for the sake of convenience, 
may be indicated as IO(C2H«O)s6OH. Instead, 
one obtains a cogeneric mixture of closely re- 65 
lated homologues, in which the formula rnay be 
shown as the ïollowing, IO(C2ÏI«O.)sH, wherein 
z, as far as the statistical average goes, is 30, 

to the distribution curves for linear Pelé, mers. 
Attention is directed to the article entitled "Fun- 
damental Principles of Condensation Polymeri- 
zation," by Flory, which appeared -in Chemical 
Ieviews, volume 39, No. 1, page 137. 
Unfortunately, as has been pointed out by 
Flory and other investigators, there Js no satis- 
factory rnethod, based on either experimental 
or mathematical exarnination, of indicating the 
exact proportion of the various members of 
touching homologous series which appear in co- 
generic condensation products of the kind de- 
scribed. This means that from the practical 
standpoint, i. e., the abflity to describe hoW to 
rnake the product under consideration and h0w 
to repeat such production rime aïter rime with- 
out diflculty, it is necessary te resort to some 
other rnethod of description, or else consider the 
value of z in formulaes such as 
Il O--C--C--O CItO).It 
tt(OttC).O--C--C--O (Ctt«O).tt 
as replresenting both indi¢idual constituents in 
which z has a single defmite value, and also 
with the understanding that z represents the 
average statistical value based on the assump- 
tion of completeness of reaction. 
This rnay be fllnstrated as follows: Assume 
that in any particular example the rnolal ratio 
of the propylene oxide to the diol is 15 to i. 
Actua!ly, one obtains products in Which z prob- 
ably varies from 10 fo 20, perhaps even further. 
The average value, however, is i5, assurning, as 
previously stated, that the reaction is Completè. 
The pl-oduct described by the formula rriïy be 
described also in terres of method of manufac- 
ture but insofar that a single hydroxyl 0nly .is 
involved as differentiated ïrom mateials obta{iaëd 
by oxypropylation of polyhydric reactslit .it 
appears more satisfactory to employ the cus- 
tornary formula type description as 10n as Lflqe 
obvious limitations are completely understoód. 
Peviewinz then the oxypropylation products 
described if wfll be noted that they corne within 
the rnolecular weight range of about 750 to $500. 
They represent a molal ratio of propylene oxide 
to hydroxylated reactant varying ïrom 10 to 1, 
through the range of 50 to 1. The products are 
invariably water-insoluble notwithstanding the 
fact that styrene glycol is water-soluble and the 
lower propylene glycols are water-soluble, in 
substantially every instance the products are also 
soluble in kerosene. My preïerred molecular 
range of reactants is between 1,000 and 2,500. 
PAleT 3 
As previously pointed out the .present invention 
is concerned with acidic esters 0btained ïrom the 
propylated derivatives described in Part 2, ira- 

but the individual members present in signifi- mediate]y preceding, and polycarboxy acids, par- 
cant amount may vary from instances where z 70 ticu]ar]y dicarboxy acids such as adipic acid, 
has a value of 25, and perhaps less, to a point phthalic acid or anhydride, succinic acid, dig]y- 
where z may represent 35 or more. Such mix- collic acid, sebacic acid, aZelaic acid, aconitic- 
ture is, as stated, a cogeneric close]y -related acid, rna]eic acid or anhydride,-bitraconic acid or 
series of touching hornologous cornpounds. Con- anhydride, maleic -acid-or anhydride adducts as 
siderable investigation bas been ruade in regard 75 obtained by the Diels-Alder reaction from prod- 
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ucts such as maleic anhydride, and cyclopenta- 
diene. Such acids should be heat stable so they 
are not decomposed during esteriflcation. They 
may contains as many as 36 carbon atoms as, for 
example, the acids obtained by dimerization of 
unsaturated fatty acids, unsaturated mono- 
carboxy fatty acids, or unsaturated mono- 
carb0xy acids having 18 carbon atoms. Refer- 
ence to the acid in the hereto appended claires 
obviously includes the anhydride or any other 
obvious equivalents. 
The production of esters including acid esters 
(fractional esters) ïrom polycarboxy acids and 
glycols is well known. Needless to say, various 
compotmds may be used such as the low molal 
ester, the anhydride, the acyl chloride, etc. 
However, for purpose of economy it is customary 
to use either the acid or the anhydride. A con- 
ventional procedure is employed. On a labor- 
atory scale one can employ a resin pot of the kind 
 previously described and particularly with one 
more opening to permit the use of a porous 
spreader if hydrochloric acid gas fs to be used as 
a catalyst. Such device or absorption spreaders 
onsist of minute Alundum thimbles which are 
connected to a glass tube. One can add a sulf- 
onic acid such as para-toluene sulfonic acid as 
catalyst. There fs some objection to this because 
fil some instances there fs some evidence that this 
acid catalyst tends to decompose or rearrange 
heat oxypropylated compounds and particularly 
likely to do so, if the esterification temperature fs 
high. In the case of polycsrboxy acids, such as 
diglycollic acid, which is strongly acidic there is 
no need to add any catalyst. The use oï hydro- 
chloric gas has one advantage over para-toluene 
sulfonic acid and that fs, thst at the end of the 
reaction it can be removed by fiushing out with 
nitrogen, whereas there fs no reasonably con- 
venient means available of removing the para- 
toluene sulfonic acid or other sulfonic acid em- 
ployed. If hydrochloric acid is employed one 
need only to pass the gas through at an exceed- 
ingly slow rate so as to keep the reaction mass 
acidic. Oniy a trace of acid need be present. I 
have employed hydrochloric acid gas or the 
aqueous acid itself to eliminate the initial basic 
material. 
The prcducts obtained in Part 2 preceding may 
contain a basic catalyst. As a general procedure 
I have added an amount of half-concentrated 
hydrochloric acid considerably in excess of what 
fs required to neutralize the residual catalyst. 
The mixture fs shaken thoroughly and allowed 
to stand overnight. It fs then filtered and 
fiuxed with the xylene present until' the water 
can be separatel in a phase-separating trap. As 
soon as the product fs substantially ïree from 
water the distillation stops. This preliminary 
step can be carried out in the fiask to beused for 
esteriflcation. If there is any further deposition 
of sodium chloride during the reflux stage need- 
less to sa-y a second filtration may be required. 
In any event the neutral or slightly acidic solu- 
tion of the oxypropylated derivative described in 
Part 2 fs then diluted further with suflicient 
xylene so that one has obtained approximately 
65% solution. To this solution there fs added 
polycarboxylated reactant as previously describ- 
ed» such as phtha!ic anhydride, succinic scid, or 
anhydride, diglycollic acid, etc. The mixture fs 
refiuxed untfl esterification is complete as indi- 
cated by elimination of water or drop in carboxyl 
value or drop in hydroxyl value. Needless to say, 
if one produces s half-esterïrom an-anhydride 

14 
such as Phthalic anhydride, no water fs elim- 
 inated. However, if it fs obtained from digly- 
collic acid, for example, water fs eliminated. Ail 
such procedures are conventional and have been 
5 so thoroughly described in the literature that 
further consideration will be limited to a few ex- 
amples and a comprehensive table. 
It fs to be pointed out that the products here 
described are hot polyesters in the sense that 
10 there fs a plurality of both diol radicals and acid 
radicals; the product fs characterized by having 
only one diol radical. 
Example 33b 
15 (The "b" series examples, lb, 2b, 3b, etc., s, re de- 
scribed in the subsequent table. Purely as a 
marrer of convenience Ex. 33b is selected to serve 
as an illustration.) 
A xylene solution of oxypropylated product 
20 Example 3a, equivalent to 513 grains of the 
terial, was employed as a hydroxylated com- 
p0und. To this there were added 67 grains of 
diglycollic acid. Sufficient xylene was added so 
the total amount of xylene present was approxi- 
25 mately 250 grains. The materials were placed in 
a glass resin pot of the kind previously described 
except that the pot had four top openings in- 
stead of three; one for the condenser, one for 
the thermometer, one for the stirring device, and 
S0 one for a diffuser tube for hydrochloric acid gas. 
Since diglycollic acid is a fairly strong acid, es- 
teriflcations can be conducted at 150 ° C., or high- 
er, for instance, 200 ° C., without the use of an 
'added catalyst. However, in this instance a trace 
$5 of hydrochloric acid gas was used. In other 
words, during the esteriflcation procedure just a 
 mere trifle of gas was permitted to pass through 
the mixture so there was always at least a trace or 
more of hydrochloric acid present. The amount 
4O of diol employed was approxlmately /4 mole. 
The amount of diglycollic acid employed was 
proximately /2 mole, the ratio being two to one. 
The amount of water evolved was somewhat less 
than 10 grains. In all instances the reaction 
45 was stopped when the amount of water out was 
equal to theoretical or when an analysis of reac- 
tion mass showed that the hydroxyl value or acid 
value (generally the acid value) had dropped to 
a comparatively low figure indicating at least 
0 85% to 95% of esterification. Needless to suy, 
if too much hydrochloric acid gas is used, and 
assuming the gas is dry, it will carry away water 
of reaction thus giving u low reading. Also, if 
the end of the reaction is to be determined by 
55 acid value, allowance must be ruade for any un- 
reacted acidic catalyst which may be present. As 
previously pointed out para-toluene sulfonic 
acid can be used but it is preferable not to use 
it. When the reaction was complete the diffuser 
60 tube was used to permit dry nitrogen to pass 
through the mass to flush out any hydrochloric 
gas which was present. This step, of course, is 
unnecessary when either no catalyst is employed 
Or para-toluene sulfonic acid is used. For that 
6 matter a small amount of hydrochloric acid can 
remain in the end product. The final mixture 
represented a solution of about two-thirds acidic 
ester and one-third xylene. Any 0ther suitable 
solvent such as cymene, mesitylene, decalin, etc., 
70 could be used so as to permit the reflux tempera- 
ture to be somewhat higher; or somewhat lower 
as in the use of toluene. 
The amount of xylene used was sufficient to 
maintain the temperature of reflux at 150 ° C. 
75 However, any temperature from 145 ° to 155 ° C. 
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lS 
will serve. The weights indicatd are based on a 
proportionate molecular weight range and actu- 
ally the amounts that went into the reaction 
vessel may bave varied slightly, for instance, a 
few grams more or a few grains less. However, 
all this was within working tolerance of a pro- 
cedure of this kind. Itis tobe noted, also, that 
commercial chemicals were employed and in such 
instances purity may have 'been somewhat less 
than 100%. 

10 

16 
water-soluble surfa-ce-active materia/s which-can 
-be used as demulsifying agents, or coupling 
agents in the manufacture oï emulsiïying agents 
for preparing .oil-in-water emulsions. Further- 
more, t-hey can be treated with epichlorohydrin 
and then with pyridine to give quaternary am- 
monium products which are valuable for inhibit- 
ing micro-organic or bacteriological growths. 
A series, of-examples appear in the ïollowing 
table illustrating the entire procedure. 

Ex. lqo. 

0xypro- 
pylated ! Amt. 
Coin- Used 
pound (grs.) 

Amt. Cata- Time of 
Reflux 
Polycarboxy Amt. Xylene lyst Amt. (Approx. 
Compound Used Used Used, Used 150oc.) 
(grs.) (grs.) I ny (hrs.) 

b ......... Sa 448 
 ......... ça 448 
b ......... Sa 448 
b ......... Sa 448 
ib .......... Sa 448 
)b ......... 7a 543 
 ......... 7a 543 
tb ......... 7a 543 
)b ......... 7a 543 
.Ob ........ 7a 543 
.lb ........ 9a 508 
:2b ........ 9a 508 
.3b ........ 9a 508 
Ab ........ 9a 508 
.Sb ........ 9a 508 
.6b ........ lla 573 
.7b ........ 1la 573 
[Sb ........ 1la 573 
[gb ........ 11a 573 
Ob ........ lla 573 
lb ........ 13a 568 
2b ........ 13a 568 
b ........ 13a. 568 
Mb ........ 13a 568 
b ........ 13a 568 
6b ........ 1Sa 603 
Tb ........ 15a. 603 
Sb ........ 1Sa. 608 
gb ........ 1Sa 603 
b ........ 1Sa 603 
Ilb ........ la 776 
12b ........ 2a 804 
3b ........ 3a 513 
14b ......... 4a 642 
Sb ........ Sa 448 
6b ........ 6a 864 
17b ........ 7a 543 
18b ........ Sa 672 
gb ........ la 776 
0b ......... 2a 804 
ilb ........ 3a 513 
2b ........ 4a 642 
t3b ......... Sa 448 
t4b ........ ! 6a 864 
Sb ........ 7a 543 
!6b ........ Sa 672 

Edipic Acid ......  146 250 tIC1 Trace___ 
Phthalic Anhyd._. 148 250 ................... 
Suceinic Anhyd.__ 100 250 ................... 
SebacicAcid ...... 202- 250 HO1 Trace___ 
Azelaic Acid ...... 188 250 HC1 __.do ..... 
Adipic Acid ....... 73 250 HC1 ___do .... 
Phthalic Anhyd___ 74 250 ................... 
Succiic Anhyd__ _ 50 250 .................... 
Sebacic Acid ...... 101 250 HCI Trace___ 
Azelaic Aeid ....... 94 250 HC1 ___do ..... 
Adipic Acid ....... 146 250 HC1 ___do ..... 
Phthalic Anhyd... 148 250 .................. 
Succinic Anhyd___ i00 250 .................... 
Sebacic Acid ...... 202 250 :HC1 Trace__ _ 
:zelaic Acid ....... 188 250 :HC1 ___do ..... 
Adipic Acid ....... 73 250 HCI ...do ..... 
Phhalic Anhyd. __ 74 250 .................. 
Succinic Anhyi:l __ _ 50 250 ................... 
Sebacic Acid ...... 101 250 HC1 Trace._. 
AzelaieAcid ....... 94 250 HC1 ___do ..... 
Adipic Anhyd ..... 146 250 HC1 ___do ..... 
Phthalic Anhyd... 148 259 ................... 
Succinic Anhyd_._ 100 250 ................... 
Sebacic Acid ...... 202 250 :HCI Trace___ 
Azelaic Acid ....... 188 250 HC1 .__do ..... 
Adipic Anhyd ..... 73 250 HC1 .._do ..... 
Phthalic Anhyd__. 74 250 ................... 
Succinic Anhyd__. 50 250 ................... 
SebacicAcid ...... 101 250 HO1 Trace_._ 
Azclaic Acid ....... 94 250 tIC1 ___do ..... 
Diglycollic Acid.._ 268 300 HCI __.do ..... 
..... do ............. 134 300 HC1 ___do ..... 
..... do ............. 67 250 HC1 ___do ..... 
..... do ............. 67 250 :HC1 __.do ..... 
..... do ............. 134 250 HC1 ___do ..... 
..... do ............. 134 300 ]C1 _._do ..... 
..... do ............. 67 250 ]C1 ___do ..... 
..... do ............. 67 275 HC1 _..do ..... 
Aconitic Acid ..... 348 300 HC1 ___do ..... 
..... do ............. 174 300 HC1 ___do ..... 
..... do ............. 87 250 HC1 ___do ..... 
..... do ............. 87 275 tIC1 _._do ..... 
..... do ............. 174 250 HC1 ___do ..... 
..... do ............. 174 300 HC1 .__do ..... 
..... do ............. 87 250 HC1 ___do ..... 
..... do ............. 87 250 HC1 ___do ..... 

S/ch solvent ca.n be removed by the usual pro- 50 
cedure, such as distillation and particularly vac- 
uum distillation. It need hot be removed as ïar 
as its use as a demulsifler goes. 
The final product, on a solvent-ïree basis, was 
a somewhat iscous liquid with a straw color. 55 
The products varied from this color, or some- 
what lighter, to products which were darker in 
color with a reddish-amber cast. The products 
were water-insoluble. Needless to say, these acid 
esters can be decolorized by any nsual procedure 60 
such as treating with charcoal, bleaching clays, 
or the like. indeed, the hydroxylated reactant 
prior to oxypropylation can be-decolorized also 
in the saine manner. However, there is no.need 
to go to this added expense ïor use .in demulsifi- 65 
cation. 
Itis tobe noted that the use oï these prod- 
ucts is hot limited to demulsiflcation, .and bave 
utility in other applications, such as use as a 
break-inducer in the doctor treatment oï sour 70 
hydrocarbons. Similarly, since these products 
contain a reactive carboxyl radical they can be 
converted into other derivatives which, in turn, 
have numerous uses. For example, these prod- 
ucts can be subjected to oxyethylation fo yield 75 

The reflux rimes appearing in the tables vary- 
ing from 4 to 6 hours, represent approximations. 
In practicàlly every instance after the reflux 
started the theoretical amount of water, or the 
equivalent indication that reaction was complete, 
appeared within 3 to 4/ hours. In other words, 
if the reflux rime was actually cut down to three 
hours wherever 4 hours happened tobe indicated, 
or to 4'/ hours wherever 6 hours are indicated, 
the resultantproduct would probably be the saine. 
Indeed, at higher temperatures the reaction can 
be completed in less tflïîe and can be completed 
just as rapidly in absence of any solvent by em- 
ploying a .femperature of approxirnately 200 ° C. 
Having thus described my invention what i 
claire as new and desire to secure by Letters 
Patent, is: 
1. A monomeric acidic ester; said acidic ester 
being obtained by -reaction between (a) che mole 
of the dihydroxylated oxypropylation product 
obtained from a member of the class .consisting 
-of styrene glycols and polystyrene glycols up to 
and including the hexamer, and (b) 2 racles of 
a polycarboxy acid; said oxypropylation product 
prior .to esterification being within the molecular 
weight range of 750 to 3500, and being obtained 



,60,088 

by oxypropylation in the molal ratio from I0 te 1 
through the range of 50 te 1 on the basis of 
propylene oxide te styrene compound, and said 
oxypropylation product prier te esterification 
being water-insolub!e; said acidic reactant hav- 
ing net more than 36 'carbon atoms. 
2. A monomeric acidic ester; said acidic ester 
beLug obtained by reaction between (c) one mole 
of the dihydroxylated oxypropylation product 
obtained from a member of the class consisting 
of styrene glycols and po'lystyrene glycols up te 
and in'cluding the hexamer, and (b) 2 moles of 
a dicarboxy acid; said oxypropylation product 
prier te esterification being within the molecular 
weight range of I000 te 2500 and being obtained 
by oxypropylation in the molal ratio frein I0 te 1 
through t.he range of 50 te 1 on the basis of 
propylene oxide te styrene compound, and said 
oxypropylation product prier te sterification 
being water-insoluble; said acidic reactant hav- 
ing net more than 36 :carbon atoms. 
3. A monomeric acidic ester said acidic ester 
being obtained by reaction between (c) one mole 
of the dihydroxylated oxypropylation product 
obtained frein a member of the class consisting 
of styrene glycols and polystyrene glycols up te 
and in'cluding the hexamer, and (b) 2 moles of 
a saturated dicarboxy acid; said oxypropylation 
product prier te esterification being within the 
molecular weight range of 1000 te 2500 and being 
obtained by oxypropylation in the molal ratio 
from 10 te 1 through the range of 50 te 1 on the 
basis of propylene oxide te styrene compound, 
and said oxypropylation product prier te esteri- 
fication being water-insoluble said acidic react- 
ant having net more than 36 carbon atoms. 
4. A monomeric acidic ester; said acidic ester 
being obtained by reaction between (c) one mole 
of the dihydroxylated oxypropylation product 

8 
obtained from a member of the class consisting 
of styrene glycols and polystyrene glycols up te 
and including the hexamer, and (b) 2 moles of 
a saturated heat-stable dicarboxy acid; said oxy- 
5 propylation product prier te esterification being 
within the molecu]ar weight range of 1000 te 2500 
and being obtained by oxypropylation in the 
molal ratio frein 10 te 1 through the range of 
50 te 1 on the basis of propylene oxide te styrene 
10 compound, and said oxypropylation product prier 
te esterhîcation being water-insoluble; said acidic 
reactant having net more than 36 ,carbon atoms. 
5. The product of claire 4 with the proviso that 
the molecular weight range of the oxypropylation 
]5 product is between 1,000 and 2,500. 
6. The product of claire 4 with the poviso that 
the molecular weight range of the oxypropylation 
product is between 1,000 and 2,500, and the di- 
carboxy acid rea'ctant is phthalic anhydride. 
20 7. The product of claim 4 with the proviso that 
the molecular weight range of the oxypropylation 
produ'ct is between 1,000 and 2,500, and the di- 
carboxy acid reactant is succinic acid. 
8. The product of claire 4 with the proviso that 
5 the molecular weight range of the oxyp.ropylation 
product is between 1,000 and 2,500, and the di- 
carboxy acid reactant is diglycollc acid. 
9. The product of claire 4 with the proviso that 
the molecular weight range of the oxypropylation 
30 product is between 1,000 and 2,500, and the di- 
carboxy acid reactant is adipic acid. 
10. The p.rocess of claire 4 with the proviso that 
the molecular weight range of the oxypropylation 
product is between 1,000 and 2,500, and the di- 
3.5 carboxy acid reactant is sebacic acid. 
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